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ABSTRACT
Four different formulations of frozen snacks were prepared by reconstituting whey protein isolate with 
skimmed milk then adding different ingredients such as cocoa and vanilla (CW), cranberries and cocoa (CrC), sour 
cherries and vanilla (ChW), as well as cranberries, cocoa and vanilla (CrCW). Formulation with 50% skimmed milk, 
15% whey protein isolate, 10% fructose, 1% vanilla, and 24% sour cherries (ChW) was selected based on sensory 
characteristics; the addition of sour cherry significantly (p < 0.05) changed the appearance of the frozen snack and 
thus this formulation showed the highest score for overall acceptability (7.6 points). This product contains 16.5 
g protein, 0.2 g fat, and 16.4 g carbohydrates per 100 g frozen snack that gives an energy value of approximately 
133 kcal (556 kJ). Thus, ChW is a low calories snack (under 200 kcal/100 g product) characterized by high-protein content and very low-fat content.
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INTRODUCTION The demand for convenience food is growing 
continuously due to lifestyle changing (Maity et 
al., 2012). A balanced diet is the recommended way to prevent or correct health problems such 
as obesity, diabetes, malnutrition, heart disease, among other ailments that largely have their 
origin in dietary errors (da Silva et al., 214). Lately, 
a positive change of consumers’ attitude toward 
nutritious and healthy snacks have been noticed. 
Consequently, recent studies have focused on the 
development of high-fiber, protein-rich, or low-
fat snacks (da Silva et al., 214; Omwamba and 
Mahungu, 2014; Kaur and Aggarwal, 2017). Whey 
derivatives (concentrate, isolate, and hydrolysate) are commonly used as ingredients for protein enrichment of some foods. These have gained 
attention among producers in the food industry 
due to their nutritional (e.g., high content of 
essential amino acids) and functional properties 
(e.g., gelation, foaming, and emulsifying agent) 
(Ramos et al., 2016). Whey protein isolate (WPI) is 
obtained by the removal of sufficient non-protein 
constituents from whey so that the finished dry product contains not less than 90% protein on a dry matter basis. It is produced by membrane 
filtration processes and/or ion exchange (ADPI). 
The objective of this work was to evaluate the 
potential use of whey protein isolate and skimmed 
milk, sources of protein, in the production of a 
healthy high-protein and low-fat frozen snack. 
To the best of our knowledge, it would be the 
first study focusing on this topic. To this purpose, 
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four different formulations were prepared using different ingredients such as cocoa and vanilla 
(CW), cranberries and cocoa (CrC), sour cherries 
and vanilla (ChW), as well as cranberries, cocoa 
and vanilla (CrCW) and subjected to sensory evaluation to determine which one is preferred among consumers. The formulation with the highest acceptance rating was further subjected to physicochemical analysis to determine its composition and energy value.
MATERIALS AND METHODS 
Materials. Whey protein isolate-Prolacta 95 LL 
Instant Low Lactose (95% protein, 3% minerals, 
0.4% fat, and 1.6% carbohydrates of which 
0.2% lactose) was purchased from Redis CO SRL 
(Bucharest, Romania). Skimmed milk (0.1% fat), 
dried cranberries, sour cherries, vanilla beans, 
cocoa powder, and fructose were procured from 
local supermarkets.
Preparation of frozen snacks. To obtain the 
four formulations (CW, CrC, ChW, and CrCW) whey protein isolate was reconstituted with warmed 
skimmed milk (35°C) then solid ingredients were added and mixed. The resulted mixtures were 
poured into molds prior to freezing at -18°C for 
24 hours. Table 1 shows the usage level (%) of ingredients in the four formulations.
Sensory analysis. The consumer test was carried out in the Sensory Analysis Laboratory of the Department of Food Engineering within University of Agricultural Sciences and Veterinary 
Medicine Cluj-Napoca (Romania). Samples of 
frozen snack were served in random order at 
freezing temperature in coded clear plastic cups to 
30 panelists (15 men and 15 women), with a mean 
age of 24. The appearance, color, texture, smell, 
taste, and overall appreciation were evaluated 
using a 9-point hedonic scale (1=dislike extremely, 
9=like extremely). Panelists were required to rinse their mouth with water before and between each sample.
Physicochemical analysis. The total solids con-tent was determined using the method described 
in ISO 3728 (2004). Fat content was determined by extraction from total solids using petroleum ether 
(40-60°C boiling range) in a Soxhlet extractor 
(Velp SER 148/6, Velp Scientifica, Milano, Italy). 
For the analyses of protein content, the Kjeldahl 
method described in ISO 8968-1 (2014) was used. Ash content was determined by incineration of 
the sample in a muffle furnace (L3/11/B170, 
Nabertherm GmbH, Bremen, Germany).Total carbohydrates were calculated based 
on the following formula (1) from the content of 
moisture, protein, lipid, and ash (Nagy et al., 2017):
(g/100g) Total carbohydrates =  
(1)Energy value was calculated based on the 
following formula (2) from the content of protein, 
carbohydrate, and lipid using the energy factors 
(Nagy et al., 2017):
(kcal/100g) Energy value =  
 (2)
Statistical analysis. To perform the statistical 
test, Minitab software (version 16.1.0; LEAD 
Technologies, Inc., Charlotte, NC, USA) was used. 
The one-way analysis of variance (ANOVA) on the 
whole set of sample data was assessed. Tukey’s 
Tab.	1. Formulations for the preparation of frozen snacks based on whey protein isolate
Ingredient (%)
Formulation
CW CrC ChW CrCW
Whey protein isolate 20 15 15 15
Skimmed milk 60 50 50 50Dried cranberries - 20 - 19Pitted sour cherries - - 24 -Vanilla beans 1 - 1 1Cocoa powder 5 5 - 5Fructose 14 10 10 10
Note: CW - frozen snack with cocoa and vanilla; CrC - frozen snack with cranberries and cocoa; ChW - frozen snack with sour cherries and 
vanilla; CrCW - frozen snack with cranberries, cocoa and vanilla.
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honest significance test was carried out at a 95% 
confidence level (p < 0.05).
RESULTS AND DISCUSSION
Sensory properties of frozen snacks. Table 2 lists the hedonic scores for sensory attributes 
(appearance, color, texture, smell, taste, and overall 
appreciation), as well as for overall acceptability 
of frozen snack samples. The only statistically 
significant difference among samples was found to be between the hedonic scores of appearance 
(p < 0.05). The frozen snack with sour cherries 
and vanilla (ChW) was the most appreciated by 
panelists with regard to appearance, followed 
equally by frozen snack with cocoa and vanilla 
(CW) and frozen snack with cranberries and cocoa 
(CrC), then by frozen snack with cranberries, cocoa 
and vanilla (CrCW). Considering that there were no 
significant differences between the mean overall 
acceptability scores of the four formulations, 
the selection of consumer’s preferred sample 
was done in term of appearance. Therefore, the 
formulation with 50% skimmed milk, 15% whey 
protein isolate, 10% fructose, 1% vanilla, and 24% 
sour cherries was further analyzed to determine 
its composition and energy value. We found only two studies that focused directly on the addition of 
whey protein isolate in snack products (Onwulata 
et al., 2001a,b) the results indicating poor textural effects.
Physicochemical properties of frozen snacks. The results obtained shows that the product 
contains 66.2 ± 0.42 g water, 16.5 ± 0.07 g protein, 
0.2 ± 0.0 g fat, 16.4 ± 0.50 g carbohydrates, and 
0.7 ± 0.0 g minerals per 100 g frozen snack that 
gives an energy value of approximately 133 kcal 
(556 kJ). The formulation obtained through this 
study, a low calories snack (under 200 kcal/100 g 
product), is characterized by high-protein content and very low-fat content.
In conclusion, this work indicates the 
potential of using whey protein isolate, skimmed 
milk, and fruits for the preparation of nutritious 
frozen snacks. The results of this study provide an important contribution to the literature regarding 
the development of healthy snacks that meet 
consumers’ demands and expectations.
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